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PROCESS FOR MODULATION AND 
DETERMINATION OF THE BIT LOADING 

ON A TRANSMISSION CHANNEL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to the ?eld of digital trans 

mission of data and more particularly to a process for 
modulation and for determining the bit loading on a com 
munication channel. 

2. Description of the Related Art 
As communication netWorks are constantly developing, 

techniques of modulation need to be more and more effec 
tive so as to increase the data rate of the communications. 

FIG. 1A illustrates the transmission of a digital signal Xi 
through a Additive White Gaussian Noise (AWGN) channel. 
In this situation, the input signal xi undergoes the e?fect of a 
complex gain HZ- associated to a White noise n1- of variance Ni. 

yiIHixiT'ni 

The input signal xi is de?ned in accordance With the 
modulation scheme retained. It belongs to a prede?ned 
set4or constellation4of complex numbers. In the so-called 
Binary Phase Shift Keying (B.P.S.K.) modulation, the con 
stellation comprises the tWo values, —1 and +1 respectively 
and, in a four states Quadrature Amplitude Modulation or 
4QAM such as illustrated in FIG. lBithe constellation 
comprises a set of four complex points. 

The modulation of the signal to be transmitted requires an 
operation knoWn as labeling or mapping, Which comprises 
the establishment of a direct and unique relation betWeen the 
signal composed of symbols or Words Which are to be 
transmitted and the different points forming the constella 
tion. In a 4QAM modulation, four 2-bit Words are associated 
to each point of the constellation so as tWo bits can be 
simultaneously transmitted through the communication 
channel. 

For static or quasi-statics transmission channels, the 
choice of the constellationiand thus the number of bits 
simultaneously transmitted on the channeliis chosen as a 
function of the characteristics of the channel Which are 
measured, generally before the start of the transmission, by 
a direct measure of the signal to noise ratio after the 
establishment of the channel. The number of bits Which can 
be loaded on the channelior the order or siZe of the 
constellationiis set to a high value When the signal to noise 
ratio shoWs to be favorable. In practice, the siZe of the 
constellation is determined as a function of the characteris 
tics of the channel, assumed static or quasi-static4derived 
from the measurement of the received signal to noise ratio 
measured in reception and returned to the emitter before the 
start of the transmission so as to set the order of the 
constellation. In a Orthogonal Frequency Duplex Modula 
tion (OFDM) or Discrete Multi-Tone (DMT) communica 
tion system, a number of subcarriers are associated and 
different signals can be added, each signal being translated 
to one particular frequency or subcarrier. The siZe of the 
constellation is set in accordance With the response of the 
channel for the particular frequency of the subcarrier Which 
is considered. Thus the subcarrier With the more favorable 
signal to noise ratio Will be associated to a constellation of 
high siZeiup to ?fteen bits Which are parallely transmit 
tediWhile the less favorable subcarriers Will correspond to 
loW siZe constellations. 

To one constellation Will correspond a number of bits 
Which are simultaneously transmitted through the channel. A 
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2 
digital transmission systemias knoWn in the artiWill use 
a constellation With a given s corresponding bitloadingi 
Which is determined for each subcarrier. In practice, for each 
channel (or subcarrier), there is determined the higher siZe 
of the constellation Which, for a standardiZed emission 
poWer of 1, provides With an error bit rate beloW to a given 
threshold, for instance l0_4. The bitloading then derives 
from the constellation. 

The folloWing formula is knoWn for determining the 
number of bits to use for one subcarrier in the case Where no 

error correcting technique is used: 

With 

being the signal to noise ratio at the output of the channel, 
and P corresponding to a performance level representative 
of the probability Pbl-t that an error occurs in reception. 
Brie?y, in accordance With this value P and also the signal 
to noise ratio SNROM, the siZe of the constellation can be 
precisely adjusted, and therefore the bitloading for the 
considered channel. 

Thus, the bitloading is classically determined by the 
measurement of the signal to noise ratio in reception. If this 
determination shoWs to be satisfactory for transmission 
systems Without error correcting technique, the determina 
tion is much more complex When an error correcting code is 
introduced Within the modulation scheme, such as a Reed 
Solomon code for instance. In that case, the symbols Which 
are uniquely associated to the points of the constellation by 
means of the labeling operation do no longer consist in 
unpredictable information, but also comprises redundant 
information Which depends on the error correcting coded 
utiliZed. 

The computation of the siZe of the constellation to uti 
liZeiand therefore the bitloading Within the channeliis 
clearly more dif?cult. This problem is usually solved by 
means of an intermediary calculation, based on the use of a 
coding gain resulting from the error correcting code. This 
permits to reduce the problem to the theoretical and ideal 
situation of a modulation Without coding so as to take 
advantage of the existing formulas for determining the 
constellation and computing the bitloading. For an bit error 
rate of 10-7 for instance With coding, the corresponding bit 
error rate Without coder is computed, for instance lo_4, and 
the last value is then used for determined the appropriate 
constellation as Well as the bitloading on the channel. 

As can be seen, this computationialthough Widely used 
in the artiis clearly an empirical approach Which prevents 
precision in the determination of the constellation. More 
generally, modulation systems using error correcting codes 
do not easily permit the determination of the bit loading. 

There is a need for a neW structure of modulator Which ?ts 
the use of error correcting code and Which still permits the 
determination of the bitloading to be used in one or more 
transmission channels. Particularly, it is desirable to achieve 
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a new algorithm Which achieves the determination of the 
constellation to utiliZe and Which is adapted to the use of an 
error correcting code. 

BRIEF SUMMARY OF THE INVENTION 

An embodiment of the present invention carries out a 
process for determining the order or siZe of the constellation 
to use in a modulation system, the process being adapted to 
the use of an error correcting code. 

Another embodiment of the present invention achieves a 
neW structure of modulator Which is adapted to the use of an 
error correcting code and to the determination of the order 
of the constellation to use. 

One embodiment of the invention provides these features 
by means of a process for modulation for a digital trans 
mission system With an error correcting code Which involves 
the determination of the bit loading to use on a channel or 
carrier. The process involves: 

using an encoder for adding redundancy to the binary 
information elements; 

using an interleaver for suppressing the correlation 
betWeen said encoded binary information elements; 

labeling the interleaved elements With a Gray-type coding 
so as to associate said elements With points of constellation 
selected from one predetermined sets of constellations. 
The process achieves a precise determination of the order 

of the constellation to use and the bitloading corresponding 
to one channel in response to the measurement in reception 
of the signal to noise ratio and according to a bit error rate 
PM at the output of the receiver. The process is Well adapted 
to the realiZation of Discrete MultiTone (D.M.T.) based 
communication systems and match the use of turbo codes. 

The use of an interleaveriWhich is classically utiliZed in 
digital transmission on dynamic channels, such as radio 
transmission, shoWs to be of a great advantage for commu 
nication systems for static channels. Indeed, it permits a 
direct relation to be established betWeen the post-decoding 
binary error rate in the receiver in accordance With the signal 
to noise ratio in the receiver and, therefore, permits to 
calculate With ease the number of bits to use through the 
transmission channel. 

Therefore, a precise determination of the constellation can 
be achieved Without need to the arti?cial use of a coding 
gain as knoWn in the prior art technique. 

In an embodiment, there is used a hard code C(n,k,t) over 
a Galois ?eld of m elements GF(m), producing n symbols 
from k information symbols and having a correction poWer 
of t. The three folloWing formulas permits to establish a 
direct relation betWeen the post-decoding bit error rate Pb” 
and the error bit rate p at the output of the demodulator, and 
thus to select the constellation to use for one channel: 

n 

In an embodiment, a set of look-up tables Will be used for 
embodying those formulas, and the precise determination of 
the constellation is achieved by means of maximizing the 
folloWing expression: 
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FIG. 4 particularly shoWs example values for K17 and dbz. 
A Reed Solomon code is used in one embodiment. 
An embodiment of the invention also matches the use of 

soft codes C(n,k) over GF(2) and the corresponding soft 
input maximum likelihood decoder. The use of the inter 
leaver permits to derive, as above in the case of a hard code, 
a direct relation betWeen the post-decoding error bit rate P bit 
and the bit rate at the output of the demodulator. Again, the 
siZe of the constellation can be derived from the maximi 
Zation of one criterium. 
One embodiment of the invention is Well suited for the 

realiZation of mono or Discrete Multi Tone (D.M.T.) com 
munication systems. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

Further features of embodiments of the invention Will 
become apparent When reading the folloWing description 
and its accompanying draWings, provided by Way of 
example only, Where: 

FIG. 1A illustrates the effect resulting from a Additive 
White Gaussian Noise (AWGN) channel on a digital signal. 

FIG. 1B is an illustration of a 4QAM constellation. 
FIG. 2 shoWs an embodiment of a modulator/demodulator 

in accordance With the present invention. 
FIG. 3 illustrates the process for computing the bit loading 

on the transmission channel in accordance With an embodi 
ment of the invention. 

FIG. 4 shoWs a table giving example correspondence 
betWeen the Euclidian distance and the average error rates 
for constellations of the standard type QAM With a GRAY 
labeling. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Embodiments of a process for modulation and determi 
nation of the bit loading on a transmission channel are 
described herein. In the folloWing description, numerous 
speci?c details are given to provide a thorough understand 
ing of embodiments of the invention. One skilled in the 
relevant art Will recogniZe, hoWever, that the invention can 
be practiced Without one or more of the speci?c details, or 
With other methods, components, materials, etc. In other 
instances, Well-known structures, materials, or operations 
are not shoWn or described in detail to avoid obscuring 
aspects of the invention. 

Reference throughout this speci?cation to “one embodi 
ment” or “an embodiment” means that a particular feature, 
structure, or characteristic described in connection With the 
embodiment is included in at least one embodiment of the 
present invention. Thus, the appearances of the phrases “in 
one embodiment” or “in an embodiment” in various places 
throughout this speci?cation are not necessarily all referring 
to the same embodiment. Furthermore, the particular fea 
tures, structures, or characteristics may be combined in any 
suitable manner in one or more embodiments. 

With respect to FIG. 2, there is shoWn a modulation 
demodulation chain Which is adapted to the use of an error 
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correcting code and to the computation of the bitloading 
associated With one subchannel or subcarrier. 

In order to exemplify the general applicability of the 
method, the description Will refer to the use of Orthogonal 
Frequency Duplex Modulation (OFDM) or Discrete Multi 
Tone (DMT). Clearly, this is only one example of realiZation 
and the skilled man of the art Will advantageously adapt the 
process of the invention to a modulation scheme With one 
unique carrier. Similarly, the case of a Asynchronous Digital 
Subscriber Line (A.D.S.L.) or Very-high-bit-rate Digital 
Subscriber Line (V.D.S.L.) and more generally xD.S.L trans 
missions can be in nonrestrictively considered and the 
teachings of the present invention Will be applicable to all 
kinds of channels: telecommunication, satellite communi 
cation, optic ?ber communications etc. 

The modulation path comprises a binary encoder 21 for 
inserting redundancy for the purpose of error correcting. 
Particularly, any error correcting code can be considered 
such as Reed-Solomon, Bose Chaudhury Hocquenghem 
(BCH), LoW-Density Parity-Check (LDPC), and also con 
volutive codes and turbo codes and principles. 

At the output of binary encoder 21, the binary elements 
are processed by an interleaver 22 Which permits to modify 
the sequence of the bits and to suppress and correlating 
introduced by encoding and modulation. To achieve this, the 
length of the interleaving is set to a suf?cient value. The use 
of an interleaver is referred to as Bit Interleaving Coded 
Modulation (B.I.C.M.) Which is a recent technique designed 
for the transmission through dynamic channels, such as for 
radio transmissions. The technique permits the error cor 
recting codes to reconstruct the signal even if, during a short 
instant, a sequence of bits is lost due to radio interferences. 
More information about this recent technique can be found 
in the publications of M. ZEHAVI et CAIRE and particu 
larly the publication <<BiZ-inlerleaved coded modulali0n>> 
in IEEE Trans. Inf. Theory, vol. 44, no 4, pp. 9324946, May 
1988. 

In an embodiment of this invention, the technique is 
applied to the case of static channels so as to optimiZe the 
computing of the appropriate constellation to associate With 
each subcarrier. 

At the output of the interleaver 22, the bits are entered into 
a mapper 23 Which computes a QAM complex vector x: 
(x1, . . . , xN), Wherein N represents the number of subcar 
riers. A Bit Loading computing block 24 executes an algo 
rithm for determining the order of the constellation and 
provides With a vector b:(bl, . . . , bN), Which comprises the 

number of bits Which the mapper 23 Will assign to every 
subcarrier. The man quali?ed in the art having the bene?t of 
this disclosure Will straightforwardly adapt the structure to 
?t any transmission With n parallel channelsiparticularly 
vectorial demodulation and also M-ary orthogonal signaling, 
or Frequency Division Multiplexing (F.D.M.) applications. 
Applying the teachings of the invention to the DMT is 
clearly only an example of one embodiment. 

Every element xi corresponds to one speci?c point in one 
constellation QAM of size 2“. Assuming that the Inter 
Symbol Interference (I.S.I) can be suppressed by means of 
a cyclic pre?x having a length Which has a similar value than 
the channel impulse response, as is knoWn by the skilled 
man, the output signal y:(yl, . . . , yN) of the DMT 
demodulatoriillustrated by block 25 in FIG. 2iis given by 
the folloWing formula: 

Wherein HZ- corresponds to the channel frequency 
response, and n1- the noise part for the ith subcarrier. 
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6 
Considering the receiver, e.g., the bottom part of FIG. 2, 

the computation of the likehood ratio is performed by means 
of a Logarithmic Likehood Ratio (L.L.R.) block 26. Such a 
calculation is Well knoWn to the skilled man and Will not be 
further developed. The bits are then de-interleaved by means 
of de-interleaver 27, then processed by decoder 38 of the 
same type than encoder 21 in order to restore the original 
information bits elements. It should be noted that, in an 
embodiment, block 26 is used for producing likehood infor 
mation Which can be used for soft error correcting codes, 
such as turbo codes. 

Encoder 21 and decoder 28 are any type of elements of a 
error correcting system, such as a Reed Solomon one. 
An embodiment of the invention is Well suited for a static 

transmission channel, having a constant Hi. The formulas 
Which are given beloW refer to a Additive White Gaussian 
Noise (AWGN) having a variance equal to N. A GRAY type 
labeling is used Within block 23 Which, as Will be described, 
provides very good results. 

With reference to FIG. 3, it Will noW be described hoW to 
compute vector b:(bl, . . . , bN) Within block 24, in 
accordance With the measurement of the signal to noise 
ratio, in reception, and also as a function of the post-decoder 
error bit rate Pbl-t. 
The computing process of the bitloading starts With the 

measurement, in a step 31, of the signal to noise ratio in 
reception, Which is de?ned as being equal to lHl-lz/Nl- for the 
ith subcarrier, and Which is classically computed by means 
of a predetermined sequence of predetermined symbols, 
knoWn to both the emitter and the receiver. As knoWn in the 
art, lHl-l2 is the squared modulus of the expectation of the 
received yl- and NZ- represents their variance. 

In a step 32, the raW error rate is then computed. This is 
achieved by means of a non linear computation, based on a 
lookup table, de?ning the raW bit error rate p at the demodu 
lator output as a function of the post-decoding bit error rate 
Pbl-t, Which is a measurement of the quality of service for the 
communication system. 
The concrete Way to compute p as a function of Pbl-t 

depends on the type of decoder Which is used. 
For a decoder of a <<hard>> type, Which only receives 

discrete values (0, 1) for the received bits, such as a Reed 
Solomon decoder for instance, the parameter p is computed 
as folloWs. Assuming that a code C(n,k,t) is used, generating 
n bits from k information bits With a correction poWer equal 
to t. The code is typically generated over a Galois Field 
having m elements. As knoWn by the skilled man having the 
bene?t of this disclosure, codes Which directly code infor 
mation bits can be utiliZed and also codes Which group bits 
per packets, as for the Reed Solomon code. The formulas 
Which are given beloW permit a direct relationship to be 
established betWeen the post-decode error bit rate Pbl-t and 
the error rate p at the output of the demodulator: 

n 

The computing of step 32 can be easily achieved by 
means of a ?rst look-up table giving a relation betWeen 
post-decoding bit error rate P bit and the error bit rate p at the 
output of the demodulator. 
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It Will noW be described hoW to determine the relationship 
between the tWo variables Pb” and p When the decoder is of 
a “soft” type, such as a turbo-decoder using real values at the 
input. Assuming that one generally uses a code C(n,k) over 
a Galois Field GF(2) With tWo elements and the correspond 
ing soft input maximum likehood decoder. 
Assuming that 

hIdmin MP1 

is the input output Weight enumerating function (IOWEF) 
and if dmin is the minimum Hamming distance betWeen tWo 
Words of the code. In this case, Aw’h represents the number 
of code Words With Hamming Weight h generated by infor 
mation Word of Weight W. 

The folloWing formula can thus be established betWeen p 
and PM: 

It can be seen that a direct relationship can be established, 
thanks to the interleaver 22 and to the de-interleaver 27, 
betWeen the post-decode bit error rate Pb” and the error rate 
p at the output of the demodulator. 

It is then possible to directly derive the latter from a 
second look-up table betWeen the tWo variables. Typically, 
the calculation step 32 can be applied to convolutive codes 
With a VITERBI decoding, for binary BCH codes With 
CHASE decoding and still for a turbo decoding of BCH 
code products. 
When the computation of p performed in step 32 is 

completed, the selection of the constellation to use for the 
considered channel or subcarrier is performed in a step 33. 
This is achieved, again, by means of a look-up table Which 
permits, in accordance With the values of p et SNR Which are 
respectively calculated and measured as explained above, 
the number of bits to be loaded on each subcarrier. 

In practice, this step is embodied by means of a maxi 
miZing loop. Let us consider a number of QAM constella 
tions having a siZe of 2b, bIl to bmax. Considering that db2 
is the squared minimum Euclidian distance betWeen the 
points of the constellation and bKb is the average number of 
binary errors due to the minimum Euclidian distance error 
events. 

The table shoWn in FIG. 4 gives the value of db2 and b.Kb 
for bmafl 5. 

In the case of a hard type decoder, the value of bl- is 
maximized in the folloWing manner: 
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8 
For a soft type decoder, the folloWing value is maximized: 

It can be seen that, by using an interleaver Within the 
modulation scheme for transmission through a static chan 
neliWhile this interleaver is classically reserved for 
dynamic channels such as in radio transmissions. it is 
surprisingly observed that a direct relationship can be estab 
lished betWeen the bit error and the signal to noise ratio 
thanks to the use of interleaver 22 and, therefore, the 
computing of the bit loading can be achieved in a novel and 
precise manner. This is all the more surprising since, a priori, 
the use of an interleaver located upstream With respect to 
mapper 23 does not change the error rate in reception and, 
therefore, the siZe of the constellation to use. An element 
Which is apparently irrelevant to the determination of the bit 
loading shoWs to be substantially advantageous since it 
permits to get rid of the knoWn ?ctitious and approximative 
calculations. 

Further advantages result from the use of interleaver. 
Indeed, if a GRAY type labeling is combined With this 
process, i.e. a labeling Where only one bit changes betWeen 
tWo direct neighbors Within the constellation. The compu 
tation of the bit loading is facilitated and, further, additional 
sophisticated computing is rendered feasible, such as the 
likelihood calculations involved in the use of turbo codes. 

It can be seen that the neW architecture of modulation/ 
demodulation, Which combines the use of an interleaver 
upstream With respect to the mapper With a bitloading 
algorithm perfectly ?ts the use of error correcting codes, and 
particularly the more sophisticated one. A very ef?cient 
modulation system is achieved. 

All of the above U.S. patents, U.S. patent application 
publications, U.S. patent applications, foreign patents, for 
eign patent applications and non-patent publications referred 
to in this speci?cation and/or listed in the Application Data 
Sheet, are incorporated herein by reference, in their entirety. 
The above description of illustrated embodiments of the 

invention, including What is described in the Abstract, is not 
intended to be exhaustive or to limit the invention to the 
precise forms disclosed. While speci?c embodiments of, and 
examples for, the invention are described herein for illus 
trative purposes, various equivalent modi?cations are pos 
sible Within the scope of the invention and can be made 
Without deviating from the spirit and scope of the invention. 

These and other modi?cations can be made to the inven 
tion in light of the above detailed description. The terms 
used in the folloWing claims should not be construed to limit 
the invention to the speci?c embodiments disclosed in the 
speci?cation and the claims. Rather, the scope of the inven 
tion is to be determined entirely by the folloWing claims, 
Which are to be construed in accordance With established 
doctrines of claim interpretation. 
What is claimed is: 
1. Modulation process for a digital transmission system 

With error correcting code and determination of a number of 
bits to load on a transmission channel, the process compris 
ing: 

encoding binary information by means of an encoder; 
interleaving the encoded binary information in order to 

suppress correlation betWeen said information; and 
labeling said binary information associated With a gray 

coding so as to associate the interleaved information 
With one point of a constellation selected among a set 
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of prede?ned constellations, said constellation being 
selected in accordance With a signal to noise ratio 
measured in reception and also in accordance With a bit 
error rate PM at an output of a receiver. 

2. Modulation process according to claim 1 Wherein the 
encoder comprises a hard type encoder With a code C(n,k,t) 
generated over a Galois ?eld of m elements, producing n 
symbols from k information symbols, and a having a cor 
rection poWer of t, and Wherein the selected constellation is 
chosen as a function of the measurement of the signal to 
noise ratio and a bit error rate p at an output of a modulator 
computed as a function of the post-decoding bit error rate 
PM at the output of a decoder in accordance With formulas: 

n 

3. Modulation process in accordance With claim 2 
Wherein the selection of the constellation is performed by 
means of a look-up table betWeen p and PM. 

4. Modulation process according to claim 2, further 
comprising several subcarriers for i:1 to n, each of said 
subcarriers being associated With one constellation Which is 
determined as a function of a maximization of a number of 

bits to be loaded through said subcarriers, in accordance 
With a formula beloW: 

b 1 b h K —dgl iliz 
t max _ _ max - bQ ZN; 

b is a maximum order of the constellation; 

Wherein 

in (1X 

lHilz/Nl. is a signal to noise ratio for a subcarrier i; 

db2 is a squared minimum Euclidian distance betWeen 
points of the constellation; and 

b.Kb is an average number of binary errors due to mini 
mum Euclidian distance error events. 

5. Modulation process according to claim 2 Wherein said 
encoder uses a C(n,k,t) code With a hard type decoding. 

6. Modulation process according to claim 1 Wherein said 
encoder uses a C(n,k) code With soft decoding based on a 
Galois ?eld With a corresponding soft input maximum 
likehood decoder, and Wherein said constellation is selected 
as a function of the measurement of the signal to noise ratio 
in reception and a bit error rate p at the output of a modulator 
computed from the post-decoding bit error rate PM at the 
output of said receiver as folloWs: 
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With: 
A(W, H) being an input output Weight enumerating func 

tion (IOWEF); and dml-n being a minimum Hamming 
distance betWeen tWo Words of the code. 

7. Modulation process according to claim 6 Wherein the 
constellation is determined in accordance With a maximiZa 
tion of a number of bits to load on a corresponding channel, 
as folloWs: 

With: 
bmax being a maximum order to a constellation; 
lHl-lz/Nl- being a signal to noise ratio for a subcarrier i; 
db2 being a squared minimum Euclidian distance betWeen 

a points of the constellation; and 
bKb being an average number of binary errors due to 
minimum Euclidian distance error events. 

8. Modulation process according to claim 7 Where said 
encoding uses a turbo-code. 

9. Modulation process according to claim 1 Where said 
transmission system has one unique carrier. 

10. Modulation process according to claim 1 Wherein said 
transmission system is an orthogonal frequency duplex 
modulation or a discrete multi-tone communication system. 

11. A digital transmission system that uses error correc 
tion code and determines a number of bits to load on a 
transmission channel, the transmission system comprising: 

a means for encoding binary information using an 
encoder; 

a means for interleaving the encoded binary information 
to suppress correlation betWeen the binary information; 
and 

a means for labelling the binary information associated 
With a gray coding to associate the interleaved binary 
information With one point of a constellation selected 
among a set of prede?ned constellations, the constel 
lation being selected in accordance With a signal to 
noise ratio measured in reception and also in accor 
dance With a bit error rate at a receiver output. 

12. The transmission system of claim 11, further com 
prising a means for using a lookup table to select the 
constellation. 

13. The transmission system of claim 11, further com 
prising a means for using several subcarriers that are each 
associated With one constellation, the constellation being 
determined as a function of a maximization of a number of 
bits to be loaded through the subcarriers. 

14. A digital transmission system that uses error correc 
tion code and determines a number of bits to load on a 
transmission channel, the transmission system comprising: 

an encoder to encode binary information; 
an interleaver coupled to the encoder to interleave the 

encoded binary information to suppress correlation 
introduced by the encoder; and 

a mapper in cooperation With a bit loading unit to label the 
binary information associated With a gray coding to 
associate the interleaved binary information With one 
point of a constellation selected among a set of pre 
de?ned constellations, the constellation being selected 
in accordance With a signal to noise ratio measured in 
reception and also in accordance With a bit error rate at 
a receiver output. 
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15. The transmission system of claim 14 wherein the 
encoder comprises a hard type encoder. 

16. The transmission system of claim 14, further com 
prising a lookup table that can be used by the mapper in 
cooperation With the bit loading unit to select the constel 
lation. 

17. The transmission system of claim 14 Wherein the 
encoder can use a type of code With a hard type decoding. 

18. The transmission system of claim 14 Wherein the 
encoder can use a type of code With soft type decoding. 
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19. The transmission system of claim 14 Wherein the 

mapper in cooperation With the bit loading unit can select the 
constellation based on a maximization of a number of bits to 

load on a corresponding channel. 

20. The transmission system of claim 14 Wherein the 
encoder can use a turbo code. 


